In some specialized applications, plain circular bearing is mostly replaced by some other bearings, as plain bearing does not suit the stability requirements of high-speed machines and precision machine tools. Grooved circular bearings and multi-lobe bearings with two lobes, three lobes and four lobes are commonly used. The present work gives insight into nonlinear transient analysis of multi lobe journal bearing systems. An attempt has been made to evaluate the critical mass parameter (a measure of stability) for various values of aspect ratios besides finding out the steady state characteristics of multilobe journal bearings (two grooved, two lobe, three lobe and four lobe) such as load bearing capacity, Sommerfeld number and attitude angle At moderate and heavy load conditions (Sommerfeld number from 0.1 to 0.3), four-lobe bearing is most stable. Three-lobe bearing is the best in the range of Sommerfeld number from 0.3 to 0.8. Two-lobe bearing is found to be more stable than other bearings beyond this range.
INTRODUCTION
Static characteristics for two-lobe and three-lobe bearings were predicted by Pinkus [1] [2] [3] [4] for different aspect ratios and ellipticity ratios. Falkenhagen et al. [5] studied general transient motion of the finite width vertical three-lobe bearing. Flack et al. [6] experimentally tested a pair of preloaded four-lobe bearings with a simple flexible rotor for instability threshold limit analysis. Li et al. [7] determined the linearized stability threshold of four multi-lobe bearing configurations (Elliptical, offset elliptical, three-lobe and four-lobe bearings). Leader et al. [8] studied the dynamic response and stability threshold of a flexible rotor mounted in two axial groove, pressure dam and tilting pad bearings. Sinhasan et al [9] and Malik et al. [10] analysed both two lobe and three-lobe porous hydrodynamic journal bearing. Soni et al. [11] determined static and dynamic performance characteristics of non-circular twolobe bearing using finite element method for both laminar and turbulent lubrication. Malik [12] did a comparative study of two-lobe journal bearings with different configurations. Klit et al. [13] used finite element method to find dynamic coefficients of two grooved plain circular bearings. Taylor et al. [14, 15] studied the static and dynamic characteristics of a highly preloaded three-lobe bearing. Muller-Karger et al. [16] experimentally determined the effect of fluid film non-linearity on dynamic coefficients of three-lobe journal bearing. Rao et al. [17] studied a methodology for dynamic coefficients and non-linear response of multi-lobe journal bearings. Ghosh et al. [18, 19] carried out a small amplitude perturbation analysis to determine the rotor dynamic characteristics of multi-lobe hybrid bearings with short axial and circumferential sills. Ramesh et al. [20] studied stability characteristics of rough submerged oil elliptical bearings under dynamic load using the nonlinear transient simulation. Jang et al. [21] investigated the performance of herringbone groove by non-linear dynamic analysis. In the present analysis four different types of bearings, namely 2-groove bearings, two-lobe bearings, three-lobe and four-lobe bearings are considered. The grooved circular bearings with two axial grooves of 20 0 circumferential extents each are considered for the provision of oil inlet in the journal bearing clearance area. In case of two-lobe bearings, lobes are separated by axial grooves of 20º circumferential extensions. On the other hand three-lobe bearings having lobe of maximum span 120º and four-lobe bearings having lobe of maximum span 90º is considered. The lobes are separated by 20º axial grooves for three-lobe bearings and 10º axial grooves for four-lobe bearings. In this present work, critical mass parameter (measure of stability) of two-groove, two-lobe, threelobe and four-lobe is estimated by using non-linear time transient analysis. Fixed coordinate system is employed in calculating fluid film pressure distribution by using successive over relaxation technique in a finite difference grid. The present analysis is carried out and results are obtained for ellipticity ratio equal to 0.5.
FORMULATION OF THE PROBLEM
The dimensionless Reynolds equation is given by,
The Reynolds boundary conditions are used in the present analysis.
The equation of motion of the rotor-bearing system for a rigid rotor of mass 2M, supporting a static load (2W0), along X axis mounted on two identical hydrodynamic journal bearings given in non-dimensional form as follows:
( ) 
RESULTS AND DISCUSSION

Steady state analysis:
The Reynolds equation without the time dependent term is solved in a finite difference grid using successive over relaxation (SOR) technique. In case of multi-lobe bearings, the lobe geometry provides multiple converging fluid films and therefore, fluid film forces developed due to these converging films are added carefully, taking the proper direction of forces, to obtain the resultant force component in desired direction. The performance characteristics such as Sommerfeld number, attitude angle of different types of bearings, e.g., two-groove, two-lobe, three-lobe bearings under steady state condition having L/D=0.5 and L/D=1.0 are compared with those reported by Lund et al. [22] . Results are found to be in good agreement and not shown here. Further, Steady state characteristics (Sommerfeld number and Attitude angle) of four lobe bearings are estimated and a few sample results are shown in Table 1 . September 12-16, 2005, Washington, D.C., USA 
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Time Transient Analysis:
Fourth order Runge-Kutta method is employed to solve the set of equations of motion. Fluid film forces are estimated at every time step by solving the Reynolds equation for every new set of eccentricity ratio, attitude angle and their time derivatives. Motion trajectories are obtained by plotting eccentricity ratio and attitude angle at every time step showing position of journal centre. Observing these trajectories one can find out whether the system is stable, unstable or at critical condition. Critical mass parameter of particular eccentricity ratio is found when the trajectory of journal centre ends in a limit cycle or it changes its trend from stable to unstable. A few such motion trajectories are shown in Fig. 1 . Non-linear time transient stability analysis is carried out for four different types of bearings with preload factor 0.5. Effects of axial grooves were taken into account during pressure calculation. Stability curves for all four bearings are plotted together (Fig.2) 
CONCLUSION
At moderate and heavy load conditions (Sommerfeld number from 0.1 to 0.3), four-lobe bearing is most stable. Three-lobe bearing is the best in the range of Sommerfeld numbers from 0.3 to 0.8. Two-lobe bearing is found to be more stable than other bearings beyond this range. As multi lobe bearings are used widely in industries, the present study and results thereof would be of immense importance to rotor-bearing designers and users.
